Purpose: Patients leaving the hospital are at increased risk of functional decline and hospital readmission. The Employee and Community Health service at Mayo Clinic in Rochester developed a care transition program (CTP) to provide home-based care services for medically complex patients. The study objective was to determine the relationship between CTP use, 30-day hospital readmission, and Emergency Room (ER) visits for adults over 60 years with high Elder Risk Assessment scores.
Introduction
The care of patients and possible rehospitalization after a hospital stay has always been of the utmost importance to medical providers. All parties recognize the challenges of hospitalization. Older adults are often discharged from the hospital while still recuperating from an illness and still suffering functional disability. Ongoing illnesses can lead to further functional decline after hospitalization. With decline, many patients suffer one or multiple readmissions to the hospital. 1 Up to half of readmissions may be preventable. 2 In addition to other areas of focus to prevent rehospitalization, the time of discharge from hospital to home is a key transition in medical care and is the focus of quality improvement to prevent rehospitalization. 3, 4 A comprehensive hospital discharge program can also support patients after their return home. This discharge process involves continued management of chronic diseases and ensures the completion of further tests and consultations. Ensuring the continuity of medical care may provide better outcomes. 5 Patients without timely follow-up with a primary care provider have a tenfold higher risk of rehospitalization. 6 Thus, a transition care program after hospitalization involves timely follow-up to ensure continuity, discussion of the diagnosis and hospital stay, and confirmation of the medication plan. 7 This care planning often includes medication reconciliation and management, further follow-up, proper access, and communication if changes in condition occur. This is important to ensure adherence to medications and an understanding of those medications. A previous study of 162 patients showed a problem with medication reconciliation in 71% of discharge summaries. 8 Thus, medication reconciliation can become an important aspect of care during transitions. 9 One strategy of implementing a comprehensive medical care plan with medication reconciliation involves using a care transition team. Whereas these teams may vary, the principle involves a comprehensive discharge process and a timely follow-up visit. 10 This posthospital follow-up visit often occurs within the home. This visit can be performed by a physician, nurse practitioner (NP), or registered nurse (RN). The Employee and Community Health (ECH) service at Mayo Clinic in Rochester, MN, USA implemented a care transition program (CTP), using an NP visit clinical practice model. An NP visited the home of high-risk patients within 1 to 3 days of their discharge from the hospital, to assess patients for clinical changes, to assess the home situation, and to improve patient education and communication. Nationally, the most comprehensive effort to improve the discharge process is the project RED (Re-Engineered Discharge), coordinated through the Agency for Healthcare Quality and Research. 11 There has been other pioneering work in care transition, by Naylor et al and by Coleman et al. 12, 13 While these programs have shown positive results, a wider effort to implement quality improvement in the reduction of rehospitalization has not shown as robust results.
14 A recent meta-analysis emphasized the importance of the care transition approach but also found the evidence in support of this to be lacking in some areas. 15 We sought to determine the relationship between CTP services and time to hospital readmission within 30 days, the number of Emergency Room (ER) visits, functional status, and quality of life (QOL). To this end, we conducted a pilot prospective cohort study of medically complex patients who were recently dismissed from the hospital.
Material and methods

Study design
This was a prospective cohort study. The study was approved by the Mayo Clinic Institutional Review Board. Patients provided written informed consent for enrollment into the study. The study was conducted from October 14, 2011 to September 27, 2012.
Setting
The study was performed at the ECH department at Mayo Clinic in Rochester, MN, USA. The ECH is a primary care practice within a tertiary care center with four care sites, including one downtown practice, a rural practice, and two suburban practices. In 2011, ECH enrolled in the Minnesota Medical Home program, the aim of which is to improve the coordination of care for all primary care patients (with a special emphasis on complex patients). At the time of our study, the CTP program was not fully implemented in all parts of the ECH practice. The CTP was available to the downtown primary care internal medicine service, but the remaining three sites and family medicine service did not have CTP coverage.
Participants
All the subjects were hospitalized patients who were discharged from the hospital to the community. A total of 40 subjects over 60 years of age were recruited, including 20 patients that used the CTP and 20 patients who were discharged from the hospital without using the CTP. The study patients were recruited shortly after discharge from the hospital. Patients were eligible for the study if they were medically complex individuals with a high risk of readmission based upon their Elder Risk Assessment (ERA) score, a risk stratification instrument correlated with subsequent readmissions. 16 ERA scores above 16 placed the patients in the top 10% for risk of hospital admission. The ERA index predicts hospital stays and ER visits 16 and also predicts mortality and nursing home placement. 17 ERA scores were derived electronically and were continuously updated in the Mayo Clinic electronic medical record (EMR). The ERA score is used clinically on all patients within Mayo Clinic to determine eligibility for case management. The ERA score heavily weights previous hospitalization (days) and age over 60. It also takes into consideration comorbid medical status. 16 Participants in the CTP interventional arm were drawn from sections of the ECH practice currently using the CTP. The patients in the usual care (UC) group had the same ERA scores but were not enrolled in the CTP. The exclusion criteria included patients discharged submit your manuscript | www.dovepress.com
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to a nursing home, those diagnosed with a terminal illness or dementia, and those enrolled in hospice care.
Recruitment
The ECH staff reviewed the Mayo Clinic EMR ERA scores to identify patients who were eligible for CTP. The CTP RN case manager then provided the study coordinator with a list of potential participants for the study. Eligible patients not enrolled in CTP were recruited in a similar fashion. Each subject was reimbursed $25 for their time upon completion of the study.
Care transition program
The CTP team made initial contact with patients in the hospital. The CTP team included the NP, case manager RN, the primary physician, and consulting geriatrician. If a patient was amenable to home visits, an NP visited the patient at home within 1 to 3 days after discharge. The initial visit included a review of medications, the hospital admission including the discharge summary, ongoing symptoms, and upcoming tests and appointments. This assessment also included a functional assessment, symptom assessment, and cognitive evaluation. The goals of care and advanced care planning are critical aspects of the program. After the initial visit, the NP made subsequent home or telephone visits, as required. A case manager who was an RN communicated weekly with CTP patients by phone. The RN also triaged patient phone calls, if symptoms arose. All patients in the CTP remained under care for a minimum of 30 days.
Usual care
All subjects in both the UC and CTP groups received UC. UC involved a comprehensive review of the medications by hospital consultant pharmacists and medication reconciliation by the discharging nursing team. All patients received a hospital discharge summary prior to their discharge from the hospital. Primary care physicians were notified of admissions and discharges from the hospital and had access to all notes, labs, upcoming tests, and the discharge summary, via the EMR. All patients received a phone call from an RN in the outpatient practice within 1 to 3 days after discharge. Follow-up primary care visits were coordinated if required.
Primary outcomes
The primary outcomes were hospital readmission and ER visits within 30 days of discharge. We sought to find the relationship between hospital readmission, ER visits and CTP involvement in medically complex adults. These outcomes were determined via subject self-reports and verified through chart abstraction.
Secondary outcomes
The secondary outcomes were functional status and QOL. Functional outcomes included grip strength and gait speed. The QOL was measured at baseline and at a 1-month follow-up using the Short Form (SF ® )-12 1 (QualityMetric, Inc, Lincoln, RI, USA), an internationally validated, 12-item health survey including both physical and mental subcategories.
Predictors
The initial data collected at baseline included demographic information, such as age, gender, marital status, race, ethnicity, and number of people within the home, as well as functional status, QOL, and comorbid health conditions as defined by the ERA score at study entry. We determined the functional status based on grip strength of the dominant hand (measured in pounds and converted to kilograms) using a dynamometer (Baseline ® model, Fabrication Enterprise, Inc., Elmsford, NY, USA), and gait speed over six meters was measured and reported in seconds. Patients performed a self-assessment of their functional status using the Duke Activity Status Index (DASI). 2 The QOL was determined using the SF-12.
18 A higher score indicates better physical or mental functioning. To calculate the physical and mental SF-12 scores, the test items were scored and normalized. The possible SF-12 scores ranged from 0-100, with a mean score of 50 and a standard deviation (SD) of 10 in a representative sample of the US population. A mental or physical SF-12 score greater than 50 represents above-average health status compared with the US population. 19 
Blinding
The study was an unblinded prospective cohort trial because the participants and the investigators were obviously aware of the interventions. However, the analysis was performed in a blinded fashion.
Analysis
The initial characteristics of the demographics, comorbid illnesses, ERA scores, SF-12 scores (physical and mental), and DASI scores were compared between groups using a t-test for continuous variables and a Pearson Chi-square analysis for proportional variables. The primary outcomes of 30-day hospital readmissions and ER visits were compared with a time-to-event analysis (Cox proportional analysis).
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This analysis was unadjusted since there were no clinically significant differences between the two groups at baseline. The secondary evaluations used paired t-test scores for grip strength, gait speed, and QOL information.
Subject characteristics were summarized using mean (±SD) and median (25-75 interquartile range) for continuous variable and frequency percentages for nominal variables. An exploratory analysis, to assess whether changes in the scores of the measures listed above differed within subjects, was performed using a paired t-test. In all cases, P-values of ,0.05 were considered statistically significant.
Power analysis
This was a pilot cohort study to determine the variance between the CTP and UC. This study was not fully powered to determine a difference between the two groups. Using an approximate estimation of 20% hospital readmission in the UC group and an expected 30% reduction from the CTP group required 251 subjects in each group. Patient information was recorded in REDCap (hosted by Mayo Clinic clinical and translational science center) by the study team. REDCap is a secure data system that allows tracking of patient information. 20 Analysis was performed using SAS 9.12 (SAS Institute, Cary, NC, USA).
Results
Recruitment and patient characteristics
We made 337 phone calls and found 61 patients (18%) to be eligible. Of the 61 patients, 40 consented to enroll in the study and 36 completed the study. Full details are noted in Figure 1 . The average age of the participants was 78.6 years (±SD 9.4 years). Comparing the CTP group with the UC cohort, there were no systematic differences between the groups with regard to age, race, ethnicity, marital status, sex, weight, or DASI score. The patient characteristics, by group and for the overall cohort, are noted in Table 1 . Based upon these characteristics, no adjustments were made to the analysis.
Primary and secondary outcomes
In comparing the CTP and UC patients, there was no difference in 30-day hospital readmission rates (10.5% for UC patients versus no readmission for the CTP patients). There were no differences in ER visits for the CTP patients (11.8%) compared with UC patients (31.6%) (P = 0.37). All the outcomes showed nonsignificant improvement for the CTP group compared with the UC group; this is shown in Table 2 .
The secondary analysis of functional outcomes of grip strength and gait speed showed no differences between baseline and the 30-day follow-up, for the CTP and UC groups. The average time to walk six meters increased slightly for the CTP group and decreased slightly for the UC group; however, there was no within-group significance. The baseline gait speeds over 6 meters were 9.3 seconds (0.64 meters/second) for the CTP group versus 12.0 seconds (0.50 meters/second) for the UC group. Grip strength declined slightly for both groups and was not significant. Physical and mental QOL scores were not different between the CTP group and UC (P = 0.13 and P = 0.06 respectively). The within-group evaluations did show some significant differences. Physical QOL scores from the SF-12 showed improvement over 5 weeks for the CTP group, with a 6.7 point increase (P , 0.01). Mental QOL increased significantly for the UC group by 5.6 points (P = 0.04). Adjusting for multiple comparisons, the changes in mental QOL scores may be more of a borderline finding. Full findings are noted in Table 3 .
Discussion
In this pilot study of 36 patients, we found no difference in the number of 30-day hospital readmissions or ER visits for CTP patients compared with UC patients. However, we did see lower event rates for both 30-day readmissions and ER visits for the CTP group. We found a 10% absolute decrease in the 30-day rehospitalization rate of CTP patients compared with UC patients. We also found an absolute decrease of over 20% in ER visits. Our power to detect a difference was 0.09 in this pilot study. We would have needed a study of 251 patients in each intervention to have a power of 0.8. While this pilot study did not detect a difference between the groups, we were encouraged that the results trended toward a reduction in 30-day hospital readmission. We are optimistic that further evaluations of our CTP in studies with larger numbers of patients may confirm a benefit to medically complex patients. We understand that one cannot make conclusions about the efficacy of the program based on this pilot data. The lack of efficacy may also reflect the variations in initial practice in this new model. There can 21 Previous studies of CTP have shown encouraging results, thus our interest and investment in this clinical program. The clinical model that closely resembles our CTP program was described by Naylor et al, 13 who used NPs to follow 239 patients with congestive heart failure (CHF) for 3 months after hospital discharge. The program used evidence-based CHF guidelines for NPs to follow, within the context of an interdisciplinary team. The group found a lower rehospitalization per patient year, 1.18 for CTP patients compared with 1.79 for UC patients (P , 0.001). Another NP transitional care model was evaluated in a study involving 172 matched pairs of at-risk older adults and also showed evidence of reduced hospital days and hospitalization. 22 This second, common, transition program model emphasized provision of care to complex patients after discharge by RNs rather than NPs. One RN model showed a 48% reduction in 30-day readmissions compared with a UC group. 12 Project RED used a standardized discharge process that resulted in a 30% reduction in hospital utilization. 11 Our CTP uses many of the best practices of project RED and other RN-based care transition programs and differs clinically because we used NPs to do home visits, RNs to take triage phone calls and hospital based discharge planning.
The secondary outcomes of gait speed and grip strength were not significantly different between the CTP and UC groups. The average gait speed was slow and below the conventional cutoff of 1.0 meter/second, currently a commonly associated risk factor for frailty. 23 Functional evaluation as an outcome in care transitions has not been as well outlined as hospitalization in clinical trials. Self-reported dependency did not change in the original Naylor et al study of care transitions versus UC for CHF patients. 13 Our CTP intervention did not specifically address sarcopenia; thus, the lack of change in gait speed and grip strength may reflect our lack of physical intervention. Interventions focused on increasing physical activity may improve aspects of functional status, like gait speed. 24 The addition of an exercise program may enhance our clinical care transition interventions in the future.
In our study, the physical QOL for the CTP group improved significantly by 6.7 points. The mental QOL showed a borderline improvement for the UC group. The between-group comparisons were not significant. However, in previous studies, there was some evidence of improvement in QOL after interventions. In a study of 292 patients, a pre-post design revealed improvement in both the physical and emotional components of the SF ® -36 Health Survey (QualityMetric, Inc). 25 In Naylor's group, there appeared to be some improvement in CHF QOL at 2 and 12 weeks, in the intervention group compared with the UC group. 13 The physical QOL scores were low at baseline, with an average score more than 1.5 SDs below the norm. The improvement may reflect natural healing after hospitalization, or it may reflect better management by the CTP team. Thus, previously hospitalized patients may return to baseline health. Interestingly, in the UC group, there was only a 3-point improvement in the physical QOL scores. Further evaluations at longer follow-up may provide better information about the impact of the intervention on QOL.
The study has some inherent limitations common in cohort studies. One limitation involves the comparability between groups. It is possible that there were inherent differences between the groups that were not evaluated or adjusted at baseline. Although the potential for confounders exist, the major predictors for hospitalization are age, gender, and comorbid status; these are the bases for risk stratification instruments such as the PRA TM and other ambulatory care group instruments. 26, 27 We evaluated these common risk factors, and they were comparable between the two groups. This was a small pilot study and the power to detect a difference was 0.09, which limited our ability to detect a significant difference between groups. With 11% accrual of potential subjects, the individuals in the study may represent those feeling well enough to participate in the study (volunteer bias). Volunteer bias should not differentially affect the results between the groups. Volunteer bias may affect the ability to generalize the results beyond this group. We also excluded patients with dementia, who make up an important percentage of the population over sixty years.
Conclusion
This pilot study provides some opportunities to evaluate a CTP in a new and different medical system, using components from previous work. The pilot nature of the study design limits the ability to see a statistically significant difference; however, some general conclusions can be drawn. First, larger studies with similar care models will further our ability to see meaningful reductions in the number of 30-day rehospitalizations and reductions in the number of ER visits post discharge. Studies in the size range of 200-400 individuals would be required to see meaningful differences in the groups. Refinement of the clinical model will be needed to make continued incremental improvement in care. These refinements might include an exercise-or nutrition-focused intervention. Another important question involves the composition of the care transition team.
Should this include an NP team or an RN team? These questions will be critical as more health systems invest in care transition. Finally, other health outcomes, such as QOL, functional status, and symptom burden, will be critical measures as health systems invest in CTPs. We were encouraged that physical QOL did improve, even in this small pilot population.
Disclosure
Paul Takahashi serves as a medical advisor for Axial LLC (Raleigh, NC, USA). All other authors report no conflicts of interest.
